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Gamma-Glutamyl Transpeptidase in the Pigment Cells of Rhesus Eyes 
FUNAN Ru, M.D., AND MELODIE M. BUXMAN, M.D. 
Oregon Regional Primate Research Center, B eaverton, and Department of Dermatology, University of Oregon Health Sciences Center, 
Portland, Oregon, U.S.A. 
We demonstrated that gamma-glutamyl transpepti-
dase, one of the enzymes of the y-glutamyl cycle, is 
present in the melanocytes of the eyes of rhesus ma-
caques. Enzyme activity was detected in active melanin-
synthesizing melanocytes of the iris stroma and in fetal 
and neonatal retinal pigment epithelium. It was not de-
tected in adult retinal pigment epithelium or choroidal 
melanocytes, which are ontogenetically more advanced 
in development and have little melanogenic activity_ Our 
data show that gamma-glutamyl transpeptidase activity 
correlates well with growth, early differentiation, and 
active melanogenesis, and support the hypothesis that 
in addition to tyrosinase, a second enzyme, such as 
gamma-glutamyl transpeptidase, takes part in the mel-
anin and pheomelanin metabolic pathways. 
The enzymes of the y-glutamyl cycle have been found in the 
eye, specifically in the ciliary body and lens [1]. In addition, 
moderate y-glutamyl transpeptidase (GGT) activity has been 
localized to the cytoplasm of nonpigmented epithelial cells of 
the irides of adult albino rabbits at the posterior pupillary 
margin [1]. Ross et al [1] have suggested that the y-glutamyl 
cycle functions in the transport of amino acids across the blood-
aqueous humor barrier and that it may play an inlportant role 
in supporting protein synthesis in the lens and cornea. 
Buxman, Kocarnik, and Holbrook [2J studied GGT in the 
epidermis and hair follicle and found its activity to be associated 
with the early phases of epidermal proliferation and differentia-
tion. Histochemical localization of the enzyme to the matrix 
and lower differentiating regions of the follicle suggested max-
imal activity in areas of rapid protein synthesis. 
Since transpeptidase marks the early, partially differentiated 
state in epidermis and hair follicles, levels of this enzyme might 
be expected to be elevated in partially differentiated epidermal 
tumors such as squamous cell carcinomas. Serially transplanted 
carcinomas of the skin [3] and lung [4] have been. reported to 
contain transpeptidase in elevated amounts, inversely propor-
tional to the degree of tumor differentiation. Chemically in-
duced hepatoc..rcinomas [5] and lymphocytes undergoing blast 
transformation [6] also have been associated with increased 
GGT activity. 
We examined cell lines isolated from a transplantable murine 
melanoma (BI6) and found that many of these cells were 
histochemically and biochemically positive for GGT [7]. How-
ever, not all melanoma cells were positive, and in particular, a 
nonpigmented cell line derived from the same tumor was com-
pletely negative. This suggests direct involvement of this en-
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zyme in melanin metabolism, Prota and Searle [8,9] have 
proposed that an enzyme such as GGT participates in the 
pheomelanin metabolic pathway. According to Prota, glutathi-
one combines with dopaquinone to form glutathionedopa 
which, through the enzyme GGT, is converted to cysteinyldopa 
and eventually to pheomelanin. Rorsman et al [10] reviewed 
their past observations on normal individuals and melanoma 
patients and emphasized the participation of cysteinyldopa in 
the manufacture of both pheo- and eumelanin. 
Because the metabolism of melanoma cells may not neces-
sarily parallel that of nornlal cells and because GGT has not 
been studied in melanocytes other than those obtained from 
melanoma tissue, our studies were limited to normal melano-
cytes. Since the highest concentration of melanocytes in normal 
animals is i.n the eyes and since stromal melanocytes of the 
uvea, like those of skin, are derived embryologically from the 
new'al crest, we used the former. 
Our studies were designed to answer several questions. First, 
is GGT present in riormal melanocytes? Second, if present, at 
what stage of development is it most active? Third, is its activity 
related to differentiation? Fourth, is its activity related to the 
melanin biosynthetic pathway, and if so, what role does it play 
in this pathway? 
MATERIALS AND METHODS 
Histology and HI:stochem.istry 
All eyes were obtained from rhesus monkeys (Macaca mulatta.) 
sacrificed for other experimental purposes at the Oregon Regional 
Primate Research Center. Strips of eye tissues were cut anteroposte-
riorly from the iris to the choroid-retina without the neuroretina inside 
or sclera outside being disturbed. One strip was fixed in 10% neutral 
buffered formalin , embedded in paraffm, and sectioned for histological 
examination. Sections (8- to lO-J.Lm) were cut from paraffin blocks and 
stained with routine hematoxylin and eosin, toluidine blue, and Fettrot 
stain for neutral fat [11]. Another strip was frozen on Dry Ice, stored in 
liquid nitrogen, cut into 5- to 6-J.Lm sections in a cryostat, and prepared 
for GGT histochemical reactions. 
Cell Cultures 
The pigment membran e was divided into 3 parts: iris, ciliary body, 
and choroid-retina. The iridial part included the iris, extending from 
the pupill!ll'y margin to a region just before the corrugated pars plicata 
of t he ciliary body. The ciliary body part was sep!ll'ated from the 
choroid-retina at the ora serrata. The choroid-retina was the part 
posterior to th e ora serrata. In adult eyes, the iris could be easily 
separated from the ciliary body. Adult choroid-retina taken from re-
gions posterior to t he ora serrata was quite clean and free of contami-
nation by cell constituents from the ciliary body. In fetal eyes, especially 
those from fetuses less than 100 days old, the separation was not as 
satisfactory. Often we had to designate the iris !ll1d t he ciliary body as 
one part and designate the rest as choroid-retina. The latter could be 
assumed to be clean and was free of contaminat ion from the former; 
the iris-ciliary body part, however, contained a small portion of t he 
choroid-retina. The neuroretina often became detached from the retinal 
pigment epithelium (RPE) during the preparation of adult eyes; t here-
fore, it could be collected separately. In fetal eyes of early gestation, 
however, complete separation of t he sensory retina from the RPE was 
often difficult. Since the choroid and RPE in all eyes adhered firmly to 
each oth er, t hey were prepared togeth er as choroid-retina. The RPE 
and choroidal mel!lllOcytes as well as t heir melanin granules are mor-
phologically distinct. Furthermore, the RPE grows as a sheet of poly-
gonal cells, whereas choroidal melanocytes are scattered in t he connec-
372 HU AND BUXMAN 
t ive tissue stroma as single polydendritic cells. They were, therefore, 
easily identified microscopically. 
All parts were isolated, minced into pieces less than 0.5 rnm in 
diameter, and suspended in a trypsin-collagenase solution (9 parts of 
0.25% trypsin and 1 part of 1% collagenase in Hanks' balanced salt 
solution) in a magnetic stirrer at 37°C for 15 min. Then the cell 
suspensions were centrifuged, and the cell pellets were resuspended in 
growth medium and seeded on 22 X 45 mm coverglasses in 60-mm 
culture dishes or in Falcon T30 culture flasks. All cultures were incu-
bated in a moist chamber with an atmosphere of 5% CO2 in air at 37°C. 
After 7 to 10 days of incubation, when many cells were well attached 
and proliferating to form small aggregates or colonies, they were ready 
for histochemical or biochemical studies. 
Histochemical Demonstration of y·Glutamyl Transpeptidase 
The coverglasses were stained for GGT by a routine histochemical 
technique modified by Rutenburg et al [12]. Two basic stock solutions 
were prepared. The fust contained 5 mg of y-glutamyl-4-methoxy-
naphthylamide (Vega-Fox Chemicals, Tucson, Arizona) , 1 ml of di-
methylsulfoxide, 0.1 M NaOH, and 1.8 ml of distilled water; the second 
contained 20 mg of glycylglycine (Sigma) in 10 ml of 0.1 M Tris (pH 7.4) 
and 28 ml of 0.85% NaCI. Solutions 1 and 2 were combined, 20 mg of 
fast blue BBN (Sigma) were added, and the resu lting medium was 
immediately filtered and used. 
Fresh-frozen sections were cut on a cryostat at 6 to 8 /lm and placed 
upon albuminized slides. For staining the slides were removed from the 
cryostat, air-dried at room temperature for 30 min to 1 hr, and placed 
in sta ining solution for 1 hr a t 37°C. The stained slides were rinsed 
serially in 0.85% NaCl, 0.1 M CuSO;, 0.85% NaCl, and distilled water 
and then were mounted in glycerol-gelatin. 
For monolayer cell cultures, the staining procedure was essentially 
the same, except that the cells were on coverglasses and were rinsed 
with 0.85% NaCl briefly and incubated in the substrate. Some cells 
were fixed in ice-cold acetone for 30 min before incubation. 
Biochemical Assay of y-Glutamyl Transpeptidase 
Cells in culture dishes or culture flasks were trypsinized and centri-
fu ged; the pellets were collected and frozen for biochemical assays. We 
used the technique of Connell and Adamson [13], performed exactly as 
described by Buxman, Kocarnik, and Holbrook [2]. 
Because the primary cultures of eye tissue consisted of many cell 
types, and· different cell types do not necessarily have the same levels 
of enzyme activities, we employed a Percoll (Pharmacia) density gra-
d ient technique to prepare fractions of different cells for separate 
examination of the enzyme activities of each individual cell type [14]. 
After fractions had been obtained, the cells were seeded again onto 
coverglasses in cul ture dishes. When cells were firmly attached, the 
coverglasses were removed for histochemical analysis and the cells in 
the dishes were collected for simultaneous biochemical determination 
of enzyme activit ies. The histochemical and biochemical readings of 
cells from the same culture were compared. Thus, we were a ble to 
identify morphologically different cell types that exhibited different 
levels of enzyme activities. These data, coupled with the data from the 
histological sections, enabled us to localize with certainty sites of GGT 
activity in tissue. 
Histoch.emical Demonstration of Tyrosinase 
Melan ocytes begin to show tyrosinase activity as the young embry-
onic precw·sor cells develop and differentiate. This enzyme activity 
coincides with functional maturation of the pigment cells. It is at its 
peak when melanocytes are mature and are most active in melanin 
synthesis; it declines when the cells deve lop further and is eventually 
lost when they turn into pigment-containing rather than melanin-
synthesizing cells. Therefore, the activity of tyrosinase is useful as an 
indicator to assess the stage or degree of melanocyte differentia tion and 
maturation. For histochemical demonstration of tyrosinase, we adapted 
the dopa reac tion procedure described by Laidlaw and Blackberg [15] 
to cultured monolayer cells. Briefly , the cells were fixed in 10% buffered 
neutral formalin (pH 7.0) for 20 min, rinsed twice with 0.055 M phos-
phate buffer (pH 6.8), and incubated in 0.1% L-dopa (L-f3-3,4-dihydroxy-
phenylalanine in 0.055 M phosphate buffer) at 37°C for 5 hr. Then the 
celts were rinsed twice with phosphate buffer, rinsed with distilled 
water, and mounted with glycerol-gelatin. 
RE~ULTS 
Gamma- Glutamyl Transpeptidase 
The results of the histochemical studies are summarized in 
Table I. A positive GGT reaction is characterized by deposits 
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of fme, bright orange-red granules and can be best illustrated in 
color photographs. In black and white micrographs, it is still 
possible to distinguish them from melanin granules because the 
latter are larger and appear black in contrast to the fmer grayish 
granules of the GGT reaction (Fig 1-3). 
Choroid-Retina 
The RPE stained positively for GGT in rhesus fetuses by day 
65 of gestation (the earliest date of examination), and continued 
to do so up to day 20 after birth. The positive reaction was not 
apparent in histological sections, and was detected only in 
monolayer cell cultures when cells were spread out and aggre-
gates of different cell types could be identified. The reactions 
were usually focal, and most intense in the central portion of 
individual colonies of cells. The reactions tended to be progres-
sively weaker in fetuses past day 125 of gestation; in postnatal 
animals 14 and 20 days of age, it was often necessary to separate 
the cells in Percoll gradients to assess positivity. 
Choroidal melanocytes were fust identified under the light 
microscope in near-term fetuses_ They were small bipolar or 
dendritic cells. Each contained fme black or brownish granules 
evenly distributed in the cytoplasm of the small cell body as 
TABLE I. Gamma-glutamyl transpeptidase activity in the uvea and 
retinal pigment epithelial cells of rhesus eyes" 
Age 
y-Glutamyl transpeptidase activity 
Iris CB-NPEb Choroid RPE' NR" 
Day of gestation 
65-80 + + + 
105-125 + + + 
140-150 M<+ + + + 
NPE'+ 
Postnatal age 
Newborn + + + 
20 Days + + + 
45 Days M+ + + 
NPE+ 
90 Days + + 
5yr M+ + + 
10 yr M+ + + 
15 yr M+ + + 
" Not all cells of anyone type were positive in anyone specimen. 
Generally, large epithelial cells were more positive than small cells; but 
in the case of the RPE, the smaller cells in the center of an aggregate 
were more reactive than the larger cells at the periphery. 
b CB-NPE: ciliary body-nonpigmented epithelium. 
C RPE: retinal pigment epithelium. 
d NR: neural retina. 
e M: melanocytes. 
, NPE, nonpigmented epithelioid cells. 
FIG 1. Gamma-glutamyl transpeptidase (GGT) reaction in it culture 
of choroidal melanocytes from an adult rhesus macaque. All cells are 
filled with black globular melanin granules. There are no GGT-positive 
cells. 
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well as in the delicate long processes. From postnatal age 3 mo, 
the cells became increasingly larger, with thicker processes, 
until at 16 mo the cytoplasm was solidly packed with black or 
brownish-black granules. So far, at the light microscopic level, 
we have not been able to demonstrate GGT activity in choroidal 
melanocytes at any age (before or after birth) (Fig 1). 
FIG 2. Gamma-glutamyl trans peptidase (GGT) reaction in a culture 
of iridial cells from an adult rhesus macaque. Note the GGT-positive 
stromal melanocytes (long arrows). Two large round black melanin 
granules are present in the cytoplasm (short arrows) of 1 melanocyte. 
Note the color and size difference from the finer granulru' deposit of 
GGT reaction product. (Melanin granules in iridial stromal melanocytes 
are predominantly rod-shaped [Fig 4]. A negative control is not included 
here because in black and white micrographs, the control melanocytes, 
like those melanocytes with GGT reaction product, also apperu' grayish 
and granular due to their intracytoplasmic content of the light brown-
colored melanin granules.) 
• , 
~~ . 
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FIG 3. Gamma-glutamyl transpeptidase (GGT) reaction in a cultw'e 
of iridial cells from a 45-day-old rhesus macaque. Note the 'single u'idial 
stromal melanocyte and part of a dendrite of another melanocyte (long 
arrows) , each overlying an epithelioid cell with perinuclear granules. 
The large, black globular granules are melanosomes (short arrows) ; the 
small fine, dark or lighter grayish granular materials that fill both 
melanocytes and epithelioid cells (particularly discernible in the nuclear 
areas) are GGT reaction products. 
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Iris 
In primary cultures of the iris, GGT was found in stromal 
melanocytes and in large nonpigmented epithelioid cells in 
specimens from fetuses of late gestation through adulthood (Fig 
2,3). Since the stromal melanocytes often did not adhere to the 
culture substratum for 1 to 2 days, it was possible to collect 
them from the supernatant in a relatively pure population at a 
time when the rest of the cell constituents already had become 
ahderent. Biochemical assay of cell pellets from such enriched 
supernatants yielded very high levels of GGT activity. This 
observation is inlportant because rhesus iridial melanocytes are 
golden yellow or golden brown, colors that can mask the light 
orange staining of low GGT levels in histochemical preparations 
and thus can lead to a false-negative reading. 
In addition to that found in stromal melanocytes, there was 
also GGT activity in nonpigmented epithelioid cells, especially 
in the larger cells (Fig 3). Some of these cells had brown 
granules in the perinuclear location, an indication of phagocy-
tosed melanin pigment. 
Ciliary Body 
In both histological sections and monolayer cultures we ob-
served GGT activity predominantly in the nonpigmented epi-
thelial cells. As in the case of the iris, many of these cells in 
culture had perinuclear melanin granules; the reaction was 
usually greatest in the central part of a colony and faded out 
toward the periphery. 
Neuroretina 
Histochemically, the neuroretina showed moderate GGT ac-
tivity. Like iridial melanocytes, neuroretinal cells did not attach 
readily in primary cultures. When the supernatant medium was 
collected 24 11.1' after the cultures had been set up and centri-
fuged and the cells had been pelleted for biochemical assay, 
significant GGT activity was present in the cell pellet. 
Tyrosinase 
The iridial melanocytes of the newborn animals had predom-
inantly thin, long, golden granules that were dopa-positive (Fig 
4) in contrast to the round dark-brown granules of the choroidal 
melanocytes. At 3 mo of age, the iridial melanocytes appeared 
brownish-gold; the processes became thicker and no longer 
appeared as delicate as in early postnatal sa.n1ples. They in-
creased in number as the animals grew. 
Iridial melanocytes of fetal eyes showed a strongly positive 
reaction when incubated in dopa reagent. In older animals when 
the iridial melanocytes increased their melanin content, the 
dopa reaction was still positive but not as intense as that in 
fetal cells. 
Choroidal melanocytes in the younger animals were dopa-
positive, but less so than iridial melanocytes from animals of 
the same age. 
The biochemical data generally supported the histochemical 
findings (Table II) but showed somewhat more variation, prob-
ably secondary to the presence of heterogeneous cell types in 
the prepru·ation. Melanin interferes optically with the spectro-
photometric reading of GGT. This problem was partially cir-
cumvented through use of identical controls for each assay. 
Furthermore, in vitro cultivation selects cells that are more 
readily adaptable in culture; the biochemical data therefore 
reflect only the cells that are prevalent under those conditions 
and ru'e not representative of a specific cell type. We believe, 
therefore, that the histochemical method is much more reliable 
for mixed cell populations and is the method of choice for 
identification of GGT reactivity in each individual cell type. 
DISCUSSION 
Because GGT is found in cells with and without melanogenic 
activities, obviously its functions are not always directly related 
to melanogenesis. Generally, its presence seems to be correlated 
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with early differentiation and it is primarily found in cells active 
in protein synthesis. In uveal melanocytes GGT activity appears 
to be confmed to iridial cells; it is not detected in choroidal 
melanocytes. Ontogenetically, choroidal cells are older and 
more advanced in development than iridial cells [16]. After 
birth these cells are essentially melanin-containing rather than 
melanin-synthesizing, and are classified as postmitotic termi-
nally differentiated cells. 
The same is true in the RPE. In early gestation the RPE is 
active in melanogenesis and in cell proliferation. These cells 
soon mature and cease to manufacture melanin in a significant 
amount. Miyamoto and Fitzpatrick [17] have not been able to 
demonstrate activity of the enzyme tyrosinase in RPE of chick 
embryos after day 18 of incubation. Dryja et al [18], however, 
have demonstrated low levels of tyrosinase activity in adult 
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FIG 4, Dopa reaction in a culture of iridial cells from a 45-day-old 
rhesus macaque. Note the 2 melimocytes of the iris stroma overlying a 
background of epithelioid and fibroblast-like cells. The melanocytes 
contain predominantly rod-shaped . granules that are dopa-positive, 
(Compare with Fig 3; note that the rod-shaped melanin granules are 
hardly visible without dopa staining; in addition there are some large 
black globular granules [melanosome complexes].) Scale bar = 0.5 mm. 
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bovine RPE; we also have found some activity in melanocytes 
of old adult rhesus eyes [19]. 
Prota and Searle [8,9,20] have suggested that cysteinyldopa 
and glutathionedopa take part in the pheomelanin metabolic 
pathway in mammalian melanogenesis. Their proposed schema 
of this pathway suggests that an enzyme is involved in the 
conversion of glutathionedopa to cysteinyldopa. Cysteinyldopa 
has been found in increased amounts in the urine of normal 
individuals in the summer [21,22], in melanoma patients with 
metastases [23], and in animals after intravenous injections of 
glutathionedopa. In vitro, melanoma homogenates can metab-
olize glutathionedopa to a substance that gives the same fluo-
rescence as cysteinyldopa [24]. Our demonstration of GGT 
activity in cells active in melanin synthesis supports its role in 
the melanin synthetic pathway. 
Our observations indicate that GGT occurs in normal mela-
nocytes and is most prominent in cells undergoing eal'ly differ-
entiation, including active melanin synthesis. We were unable 
to demonstrate GGT activity in terminally differentiated mela-
nocytes, which were still synthesizing metabolic proteins, or in 
melanoma cell lines lacking the melanogenic enzyme and activ-
ity. The exact role of this enzyme in the production of pheo-
melanin versus eumelanin is being sought. 
We are indebted to Cinda Lobitz, Nickolas . Roman, and Dinah 
Teramura for their excellent technical assistance. 
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